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Prostaglandin E2 and parathyroid hormone: Comparisons of their
actions on the rabbit proximal tubule. Recent studies demonstrated that
prostaglandin E2 (PGE2) participates in the regulation of glomerular and
distal tubular function. A functional role for PGE2 on the proximal
tubule has only recently been explored. Thus, we reported that POE2
antagonizes the phosphaturic effect of PTH in the dog, which suggests
that PGE2 may influence the transport functions of the mammalian
proximal tubule. The present studies were designed to examine the
direct effect of parathyroid hormone (PTH) and POE2 on the fluxes of
fluid (Jv) and phosphate (Jl-b P04) in the rabbit proximal convoluted
and straight tubules (PCT and PST). The activation of adenylate cyclase
by the two agents was also examined. Finally, the combined effects of
PTH and PGE2 on Jv and il-b P04 were also studied in the PST. In the
PCT, PTH (1 g/ml) inhibited Jv by 31% (P < 0.05) but did not alter il-b
P04. PGE2 (10-' xi) failed to act on either Jv or il-b P04. In this
segment, PTH stimulated adenylate cyclase but PGE2 did not. In the
PST, PTH (1 g/ml) inhibited Jv and Jl-b P04 by 34 and 20%,
respectively (P < 0.01). POE2 (l0- M) also inhibited lv and Jl-b P04,
by 33 and 12%, respectively (P < 0.02). In contrast, PGF2,,, a related
prostanoid, failed to influence these transport parameters. In the PST,
PTH activated adenylate cyclase but POE2 failed to do so. When both
PTH (I g/ml) and PGE2 (l0- M) were present simultaneously, iv and
il-b P04 were comparable to that seen during control collections. Yet,
when POE2 was removed, Jv and Jl-b P04 were inhibited by PTH by 15
and 24%. respectively (P < 0.05). These observations demonstrate that
both PTH and PGE2 independently inhibit phosphate and fluid transport
in the PST. While the action of PTH appears to be mediated by cyclic
adenosine 3,5' monophosphate (cAMP), the action of POE2 is not. In
the PST, PGE2 also antagonizes the effect of PTH on iv and Jl-b P04.
This antagonistic action of PGE2 might be associated with its inhibitory
effect on adenylate cyclase in the PST. These results, therefore, provide
evidence for a dual role of POE, in the PST. On the one hand, the acid
lipid appears to act in the PST as a stimulatory agonist in a manner that
resembles PTH. Yet, when both POE2 and PTH are present together,
the prostanoid antagonizes the effects of PTH on both fluid and
phosphate transport in the rabbit PST. We conclude that these two
functions of POE2 may participate in the intrarenal regulation of
transport in the proximal tubule.
Prostaglandines E2 et hormone parathyroidienne: Comparaisons de
leurs effets sur le tubule proximal de lapin. Des etudes récentes ont
démontré que Ia prostaglandine E2 (POE2) participe ?i Ia regulation des
fonctions glomérulaire et tubulaire distale. Un role fonctionnel de Ia
POE2 sur Ic tubule proximal a été explore seulement récemment. Ainsi,
nous avons rapporté que Ia POE2 antagonise l'effet phosphaturique de
Ia PTH chez Ic chien. Ce résultat suggère que Ia PGE2 pourrait
influencer les fonctions de transport dans le tubule proximal de
mammifère. Ces etudes ont etC entreprises pour examiner l'effet direct
de l'hormone parathyroidienne (PTH) et de Ia PGE2 sur les flux de
liquide (JV) et de phosphate (il-b P04) dans des tubules contournés et
droits proximaux (PCT et PST) de lapin. L'activation de l'adénylate
cyclase par les deux agents a Cgalement etC examinée. Enfin, les effets
combines de PTH et PGE2 sur iv et Jl-b P04 ont egalement etC étudiés
dans Ic PST. Dans Ic PCT, Ia PTH (1 j.g/ml) a inhibC Jv de 31% (P <
0,05) mais n'a pas altCrC Jl-b P04. La PGE2 (10 xi) n'a agi ni sur iv,
ni sur JI-b P04. Dans ce segment, Ia PTH a stimulC l'adenylate cyclase,
cc que na pas fait Ia PGE2. Dans le PST, Ia PTH (1 g/ml) a inhibC iv
et Jl-b P04 de 34 et 20%, respectivement (P < 0,01). PGE2 (10-i M) a
aussi inhibC Jv et Jb-b P04 de 33 et 12%, respectivement (P < 0,02). A
l'inverse, PGF,, un prostanoide apparenté, n'a pas influence ces
paramétres de transport. Dans le PST, Ia PTH a active l'adenylate
cyclase, cc que Ia POE2 n'a pu faire. Lorsque les deux agents, Ia PTH
(1 g/ml) et Ia PGE2 (10--v M) Ctaient presents simultanCment, iv et il-b
P04 étaient comparables aux valeurs observées pendant les recueils
contrOles. Cependant, lorsque Ia POE2 était enlevCe, iv et il-b P04
Ctaient inhibCs par Ia PTH de 15 et de 24%, respectivement, P < 0,05.
Ces observations démontrent que Ia PTH et Ia PGE2 inhibent toutes les
deux indépendamment Ic transport de phosphate et de liquide dans le
PST. Alors que l'action de Ia PTH semble mCdiée par I'adénosine 3', 5'
monophosphate cyclique (cAMP). l'action de Ia POE2 ne lest pas. Dans
le PST, Ia PGE2 antagonise egalement l'effet de Ia PTH sur Jv et Jl-b
P04. Cet effet antagoniste de Ia POE2 pourrait être lie a son effet
inhibiteur de l'adenylate cyclase dans Ic PST. Ainsi, ces résultats
apportent Ia preuve d'un effet double de la POE2 dans Ic PST. D'un
côté, cc lipide acide semble agir dans Ic PST comme un agoniste
stimulateur dune facon ressemblant a celle de Ia PTH. Cependant,
quand les deux agents, Ia PGE2 et Ia PTH sont presents ensemble. Ic
prostanolde antagonise les effets de Ia PTH sur Ic transport de liquide et
de phosphate dans le PST de lapin. Nous concluons que ces deux roles
de Ia POE2 pourraient contribuer a Ia regulation intrarénale du transport
dans Ic tubule proximal.
A considerable body of evidence has now accumulated
supporting the concept that prostaglandins (PGs) regulate renal
blood flow and glomerular filtration [1—31. In contrast, sup-
portive data for a direct effect of PGs on tubular transport has
been more difficult to reproduce [4, 51. However, under some
experimental circumstances, PGs of the E series clearly de-
crease the tubular reabsorption of sodium in segments located
beyond the proximal nephron t6—91.
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In recent studies from this laboratory, initial evidence has
been obtained for a functional role of PGE2 in the mammalian
proximal nephron. Thus, it has been possible to show that the
404
PGE2 and PTH in the proximal tubule 405
pretreatment of chronically thyroparathyroidectomized (TPTX)
dogs with PGE2 completely obviated the phosphaturia associ-
ated with the administration of physiological doses of PTH [101.
Because PGE2 pretreatment did not interfere with the
phosphaturia elicited by 8-bromo cyclic AMP [11], it was
concluded that either PGE2 blocks the effect of PTH at a step
prior to the generation of the cyclic nucleotide, or that PGE2
antagonized actions of PGE2 that are not cAMP-dependent
[12—14], Because most of the filtered phosphate is reabsorbed
by the proximal nephron [15] and this is the locus of PTH
inhibition of phosphate transport [13, 16, 17], we reasoned that
PGE2 interfered with the action of PTH at this nephron level.
Furthermore, we have also shown that PGE2 blocks the effects
of other phosphaturic maneuvers that act in the proximal
nephron [18, 19]. Accordingly, we have now performed experi-
ments designed to examine the effects of PGE2 on fluid and
phosphate transport by the isolated perfused proximal nephron.
We studied fluid and phosphate transport in the proximal
convoluted (PCT) and straight (PST) tubules of the rabbit
nephron in vitro. These preparations contain a PTH-sensitive
adenylate cyclase [20], and in the presence of PTH, both fluid
and phosphate absorption are partially decreased in the PST,
whereas only fluid absorption is restricted by PTH in the early
PCT [17]. We therefore compared the effects of PGE2 on these
fluxes with those produced by PTH. Since both PGE2 and PTH
stimulate adenylate cyclase in heterogeneous preparations of
cortical tubules [21, 22], we examined the possibility that both
PGE2 and PTH stimulate adenylate cyclase in the PCT and
PST. The results obtained indicate that, at the concentrations
tested, PGE2 and PTH do not have opposite, but rather similar,
effects on the transport events examined. Yet, the studies of
adenylate cyclase revealed marked differences in the effects of
these two agents, suggesting that the cellular mechanisms of
action of the two are not related. On the other hand, in the PST,
when both agents were simultaneously added to the bathing
medium, PGE2 appeared to antagonize the effect of PTH on
fluid and phosphate transport.
Methods
For all of the experiments described in this communication,
we utilized 1.4 to 1.8 kg New Zealand female rabbits (Hill Top
Laboratories, Scottsdale, Pennsylvania) which were kept in the
animal facility for at least I week prior to the day of the
experiment. During this period, they were fed a constant rabbit
diet that contains 1.6% calcium and 0.45% phosphorus (Tek
Lad Laboratories, Madison, Wisconsin).
Perfusion technique
Cortical proximal convoluted (PCT) and straight tubules
(PST) were isolated and perfused in vitro using methods de-
scribed by Burg et al [23] and modified slightly in our labora-
tory. On the day of the experiment, the animals were sacrificed
by decapitation, the kidneys were rapidly removed, stripped of
their capsules, and cut transversely and sagittally into sections
1-mm thick. The sections were then placed in an ice-chilled
solution containing (mM): sodium 150, chloride 112, bicarbo-
nate 25, potassium 5, phosphate 2, ionized calcium 1.5, sulfate
1.0, magnesium 0.7, glucose 5.5, acetate 10, alanine 5, and fatty
acid-free bovine serum albumin (BSA) I mg/dl, and gassed with
a mixture of 95% 02 and 5% CO2. The pH of this solution was
7.4 and the osmolality 290 to 300 mOsm/kg. The superficial
PCTs were dissected as close as possible but at various dis-
tances from their respective glomeruli. The PSTs were also
cortical in origin. Each tubule was then placed in a perfusion
chamber and the bathing solution was replaced by a solution
identical to that used for dissection, except that it contained
magnesium 1.0 m, and fatty acid-free BSA, 6 g/dl. The
temperature was then increased to 37.5°C and the solution
vigorously gassed (95% 02 and 5 C02). The bathing solution
was changed continuously during the experiment.
The tubules were perfused by means of an array of concentric
glass pipets. The perfusion medium was identical to the bathing
solution except that it contained magnesium in a concentration
of 0.7 m, as well as NaH233PO4, 5 to 7 sCi/m1, and 3H
methoxy-inulin (purified by dialysis), 15 sCi/ml. This solution
did not contain albumin. The osmolalities of the bathing and
perfusion solutions were identical.
Experimental design
After an equilibration interval (30 to 40 mm), three to five
tubular fluid samples were collected under water-equilibrated
oil for two consecutive periods. In the first period, collections
were obtained during control conditions. Immediately there-
after, experimental collections were obtained. During the ex-
perimental period, one of four maneuvers was performed: (1) to
eight PCTs and to ten PSTs the vehicle (ethanol, 1:1000
dilution) was added to the bathing solution (time-control group);
(2) in six studies with PCTs and eight with PSTs, bovine 1-34
PTH (Beckman Instruments, Inc., Palo Alto, California) was
added to the bathing medium at a concentration of 1 sg/ml; (3)
in nine experiments with PCTs and nine with PSTs, PGE2, iO
M (Upjohn Pharmaceuticals, Kalamazoo, Michigan), was
placed in the bathing medium; (4) in seven experiments with
PSTs, PGF2a, 10 M (Sigma, St Louis, Missouri) was added to
the bathing medium. An additional fifth group of eleven PSTs
was studied using the following design: In the first collection
period, PTH, 1 sg/ml, and PGE2, iO M, were both added to
the bathing medium. After removal of PGE2, and following an
equilibration period of 10 mm, collections were continued for a
second period in the presence of PTH, I jsg/ml, in the bathing
medium.
Ouabain, l0 M (Sigma, St. Louis, Missouri), was added to
the bath at the end of some of the experiments, in which three
to four additional samples were collected to monitor leaks. The
collected samples were counted in a liquid scintillation counter,
Packard Instruments, Downers Grove, Illinois. Correction for
spillover of 33P into the 3H channel was carried out for each
individual experiment. The calculation of lumen-to-bath fluid
flux (iv), and lumen-to-bath phosphate flux (Jl-b P04) was made
for each collected sample according to formulas previously
described [17].
Measurement of adenylate cyclase activity
Rabbits were anesthetized with pentobarbital sodium (50
mg/ml) administered intravenously. The left kidney and vascu-
lar pedicle were isolated by abdominal surgical incision. The
renal artery was cannulated and the kidney was perfused with
15 ml of a solution containing (mM): sodium 150, chloride 115,
potassium 5, bicarbonate 25, magnesium 0.7, calcium 0.25,
phosphate 2, acetate 10, alanine 5, glucose 5.5, trace heparin
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(1000 U/mI), and collagenase type I (Sigma Chemical Co., St.
Louis, Missouri), I mg/mi (collagenase solution). After perfu-
sion, the kidney was removed, stripped of its capsule, and
sectioned transversely into slices 1-mm thick. The kidney
sections were then incubated in the collagenase solution at
37°C, and gassed with a mixture of 95% 02 and 5% CO2 for 20
to 30 mm, After incubation, the kidney sections were thor-
oughly rinsed with a solution which was identical to the
coliagenase solution except that collagenase was omitted (dis-
section solution). From this point on, the tissue samples were
kept on ice until the enzymatic reaction was carried out. The
nephron segments were isolated from the slices under a stere-
oscopic microscope in dissection solution gassed with 95% 02
and 5% CO2. The PCTs and PSTs were obtained from the
cortex as outlined above. Dissected segments were transferred
into a glass vial and washed by centrifugation with phosphate-
buffered saline (PBS) and 1 mivi EGTA (pH 7.4). The PBS and
EGTA were then removed and the tubules were immersed in a
solution containing (final concentrations): theophylline 10 mM,
Tris - HCL, pH 7.4, 80 mM, MgSO4 2 mrvi, and EGTA 1 mM.
The tubules were homogenized in this solution with gentle
strokes of a homogenizer (Teflon®). The tubular homogenate
was divided into 5 to 7 l volumes and placed into 20-.il plastic
wells. The adenylate cyclase reaction was initiated by the
addition of an equal volume of a solution that contained (final
concentrations): ATP 0.5, creatine phosphate 5, creatine
phosphokinase 50 U/ml with or without agonists. The adenylate
cyclase reaction was conducted for 30 mm at 30°C and was
stopped by the addition of 6 to 10 ®l of sodium dodecyl sulfate
(170 mgldl). The wells were rinsed with 20 tl of water and the
reaction products were transferred to glass tubes and lyophyl-
ized. The lyophylized cAMP was dissolved in acetate buffer,
pH 4.7, and measured by radioimmunoassay after acetylation of
the samples (New England Nuclear Corp., Boston, Massachu-
setts). Total tubular protein was measured in 7 .d aliquots of the
tubular homogenate using a scaled-down version of Lowry's
protein assay [24]. This assay is sensitive enough to detect 65 ng
of protein. The tubular protein concentration of the homogenate
averaged 0.9 to 1.5 g/7 l. Adenylate cyclase activity is
expressed as fmoles/tg protein/30 mm. All of the values re-
ported are expressed as means SE. The results of the
perfusion experiments, in which each tubule was utilized as its
own control, were compared by Student's paired t test. All of
the other results were analyzed with an unpaired Student's
test.
Results
Perfusion experiments
Studies in the rabbit PCT: Time control experiments were
conducted in eight PCTs. For the two sequential collection
periods, the perfusion rates were 13.39 0.35 nI/mm and 13.05
0.40, respectively, P > 0.05. Fluid transport (Jv) averaged
0.94 0.18 ni/mm/mm for the first period and 0.87 0.18 for
the second period, P > 0.20. Lumen-to-bath phosphate trans-
port (J1-b P04) was 4.33 1.02 pmoles/mm/min, in the first
period and 4.13 0.76 in the second period, P > 0.50. A
second group of six proximal convoluted tubules was perfused
during control conditions first, and following the addition of
PTH, 1 ®g/ml, to the bathing medium. For these two collection
periods, the perfusion rates averaged 12.21 0.16 nI/mm and
11.88 0.30, respectively, P > 0.10. In the first period, Jv
averaged 0.71 0.18 nI/mm/mm. After the addition of PTH to
the bathing medium, this value declined significantly to 0.49
0.15, P < 0.05. In contrast, Jl-b P04 was not affected by PTH in
these nephron segments. In the control period, Jl-b P04 was
4.13 0.54 pmoles/mm/min, and it was 4.05 0.64 after the
addition of PTH, P > 0.50. A third group of nine proximal
convoluted tubules was perfused during control conditions first
and then after the addition of PGE2, 1O M, to the bathing
medium, Table I. The perfusion rates for each of the two
periods were 13.55 0.47 nI/mm and 13.39 0.46, respec-
tively, P> 0.50. The Jv was 0.78 0.10 nI/mm/mm, during the
first period, and remained constant at 0.76 0.15 after the
addition of PGE2, P > 0.50. Jl-b P04 averaged 5.83 0.92
pmoles/mm/min during the control period and 6.37 0.74
following the addition of PGE2 to the bathing medium, P> 0.10.
Studies in the rabbit PST: In three groups of PSTs we
measured the same transport parameters described for the PCT.
In the first group, ten PSTs were perfused during two sequential
control periods (time controls) at rates of 13.15 0.45 nl/min
and 12.96 0.35, respectively, P> 0.20. The mean Jv values
were 0.40 0.06 and 0.39 0.05 nI/mm/mm in the first and
second periods, P > 0.50. The corresponding mean Jl-b P04
values were 2.87 0.39 and 2.73 0.39 pmoles/mm/min, P>
0.20. A second group of eight tubules was first perfused during
control conditions and after the addition of PTH, 1 j.g/ml, to the
bathing medium. These tubules were perfused at a rate of 9.76
0.42 nl/min in the first period and 9.75 0.32 in the second
period, P > 0.90. Jv averaged 0,52 0.08 nI/mm/mm in the
control period and decreased to 0.35 0.08 after the addition of
PTH to the bathing medium, P K 0.001. Jl-b P04 averaged 2.22
0.31 pmoles/mm/min in the control period and declined to
1.77 0.30 after the addition of the hormone, P < 0.01. In the
third group of PSTs, collections were obtained during control
conditions first and then following the addition of PGE2, iO
M, to the bathing medium, Table 1. During these two sequential
periods the perfusion rates were 12.10 0.45 ni/mm and 12.08
0.45, respectively, P > 0.50. The mean Jv for the control
period was 0.53 0.07 nl/mm/min. This value declined to 0.35
0.07 after the addition of PGE2 to the bathing medium, P <
0.01. For the control collections in the first period, Jl-b P04
averaged 3.57 0.52 pmoles/mm/min. After the addition of
PGE2 to the bathing medium, this value declined to 3.13 0.45,
P < 0.02.
PGE2 is also secreted into the tubular lumen of the proximal
nephron by an organic acid transport system [25, 261. In the
case of secretion of another acid, para-aminohippurate (PAH),
this event provokes fluid secretion as well, reducing and even
reversing net fluid flux [27]. To examine if this mechanism of
organic acid secretion was responsible for the reductions in Jv
and Jl-b P04 produced by PGE2, we evaluated whether or not
PGF2a, a related prostaglandin metabolite, also secreted by the
proximal nephron [25], would also reduce Jv and Jl-b P04.
Seven proximal straight tubules were perfused during control
conditions and after the addition of PGF2, 10 M, to the
bathing medium. The perfusion rates were 11.13 0.39 nI/mm
in the first collection period, and 11.11 0.44 in the second
collection period, P > 0.50. In the first period, Jv averaged 0.41
0.07 nI/mm/mm and 0.43 0.07 in the second period, P >
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Table 1. Studies of fluid and phosphate transport in proximal convoluted and straight tubules of the rabbit nephron during two sequential
collection periods: control (I) and after the addition of prostaglandin E2 to the bathing medium (II)
PR I
Tubule
number
PR II Jv I Jv II il-b P04 I il-b P04 II
pmoleslmm/minnI/mm/mmni/mm
Proximal convoluted tubule
1 11.50 11.59 0.48 0.29 4.91 5.71
2 12.58 11.90 0.98 1.16 4.64 3.90
3 14.69 14.63 0.49 0.47 5.96 7.60
4 16.26 15.65 1.39 1.49 2.37 4.22
5 14.57 13.71 0.85 0.65 5.94 5.73
6 12.89 12.85 0.95 1.19 5.30 7.14
7 13.17 14.79 0.76 0.87 4.08 4.85
8 13.08 12.55 0.57 0.37 12.30 11.14
9 13.24 12.82 0.56 0.31 7.01 7.04
Means 13.55 13.39 0.78 0.76 5.83 6.37
SE 0.47 0.46 0.10 0.15 0.92 0.74
P11 VS. I > 0.50 > 0.50 > 0.10
Proximal straight tubule
1 11.65 11.25 0.68 0.36 4.81 4.60
2 11.56 11.65 0.44 0.36 4.92 4.05
3 14.43 14.54 0.57 0.16 4.30 3.13
4 12.52 12.66 0.30 0.15 5.13 4.88
5 12.59 12.63 0.78 0.40 5.15 4.22
6 13.57 13.33 0.85 0.81 1.93 1.73
7 11.71 11.39 0.54 0.33 2.33 2.31
8 10.86 11.20 0.26 0.26 1.76 1.50
9 10.04 10.07 0.35 0.32 1.77 1.78
Means 12.10 12.08 0.53 0.35 3.57 3.13
SE 0.45 0.45 0.07 0.07 0.52 0.45
P II vs. I > 0.50 < 0.01 < 0.02
Abbreviations: PR, perfusion rate; Jv, fluid; J1-b P04, lumen-to-bath phosphate transport; PGE2, prostaglandin E2.
0.50. Jl-b P04 was 2.31 0.46 pmoles/mm/min in the first
period, and 2.21 0.51 after the addition of PGF2. to the
bathing medium, P > 0.40.
Preliminary evidence suggests that in the PST, PGE2 inhibits
the activation of adenylate cyclase by PTH [28]. The next series
of experiments were designed to examine whether this action is
associated with an attenuation of the effect of PTH on fluid and
phosphate transport. Eleven PSTs were perfused during two
experimental periods. In the first period, both PTH (1 g/ml)
and PGE2 (10 M) were present in the bathing medium. PGE2
was then removed and the tubules were re-equilibrated for 10
mm with only PTH (1 g/ml) present and collections were then
resumed. The results of these experiments are provided in
Table 2. The mean perfusion rate in the first collection period
was 11.32 0.19 mI/mm and 11.35 0.l9in the second period
(P > 0.50). Jv averaged 0.41 0.02 mi/mm/mm in the first
period and decreased to 0.35 0.03 after the removal of PGE2
from the bathing medium, P < 0.02. Jl-b P04 was 2.42 0.34
pmoles/mm/min in the first period and declined to 1.85 0.27
after the removal of PGE2, P < 0.05.
Adenylate cyclase experiments
The results outlined demonstrate a close resemblance be-
tween the effects of PGE2 and PTH on the transport events of
the PST. Because both PGE2 and PTH are thought to mediate
their actions via the generation of intracellular cAMP, the
Table 2. Effects of PTH and PGE2 in the proximal straight tubule of
Tubule
number
PR I PR II
ni/mm
iv I Jv II
ni/mm/mm
Jl-b PU4 I Jl-b P04 II
pmoles/mm/min
1 11.20 11.21 0.50 0.39 3.64 1.23
2 11.37 11.67 0.38 0.24 2.04 1.46
3 13.29 12.73 0.35 0.31 4.17 3.46
4 12.15 11.84 0.47 0.42 2.15 2.10
5 12.16 11.68 0.31 0.22 1.16 1.06
6 10.00 10.89 0.37 0.42 3.67 2.52
7 10.91 10.82 0.31 0.25 2.44 1,82
8 11.08 11.22 0.34 0.35 1.66 2.01
9 10.93 10.81 0.53 0.53 0.70 0.41
10 10.05 10.44 0.46 0.28 1.56 1.24
11 11.37 11.53 0.46 0.40 3.38 3.01
Means 11.32 11.35 0.41 0.35 2.42 1.85
SE 0.29 0.19 0.02 0.03 0.34 0.27
P11 vs. I > 0.50 <0.02 <0.05
Abbreviations are the same as those used in Table 1.
81n period I, collections were obtained in the presence of PTH, 1
g/ml, and POE2, 1O M, in the bathing medium. In period II, PGE
was removed.
effects of these agents on adenylate cyclase were examined in
the proximal nephron.
PCT. Figure 1 depicts the results obtained in this nephron
segment. PTH stimulated the enzyme in dose-response fashion.
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Fig. 1. Effects of PTH and PGE2 on adenylate cyclase activity in the
proximal convoluted tubule (N = 3 to 4). PTH (closed circles) at
concentrations of 10°, 108, IO M stimulated the enzyme 1.1, 3.6,
and 8.2 times, respectively (P> 0.5, <0.001, and <0.01, respectively).
In contrast, PGE2 (open squares), at concentrations of l0-, 10 , and
iO M failed to alter the activity of the enzyme.
The basal enzyme activity measured in these experiments (N =
3 to 4) was 69.8 7.6 fmoIes/g protein/30 mm. The addition of
PTH, at concentrations of l0, 10-8, and l0- M stimulated
the enzyme 1.1, 3.6, and 8.2 times, respectively (P > 0.5, <
0.001 and < 0.01, respectively). In contrast, PGE2 at concentra-
tions of l0 to io— M (N = 3) failed to augment the activity
of the enzyme observed during basal conditions (19.0 3.6
fmoles/jxg protein/30 mm, Fig. 1). This failure of PGE2 was
observed even after the addition of exogenous GTP, lO M
(data not shown).
PST. In the proximal straight tubule, PTH also stimulated the
enzyme in dose response fashion (N = 4, Fig. 2). At concentra-
tions of l0-, io, 10<, and 2.5 x I0 M, PTH enhanced the
activity of the enzyme 2.2, 6.2, 18.2, and 25.5-fold, respectively
(P <0.01, <0.001, <0.001, <0.001, respectively), over basal
activity (15.0 1.1 fmoIes/xg protein/30 mm). In contrast,
PGE2 (N = 4) at concentrations of iO to l0— M failed to
increase the activity of the enzyme over that observed during
basal conditions (15.4 3.2 fmo1es/xg protein/30 mm, Fig. 2).
The failure of PGE2 to stimulate the enzyme was also observed
in the presence of exogenous GTP, l0 M (data not shown).
Discussion
The studies reported in this communication demonstrate that
PGE2 inhibits both fluid and phosphate fluxes in a manner
quantitatively similar to that of PTH in the PST of the rabbit
nephron. In contrast, PGE2, unlike PTH, did not alter the rates
of either fluid or phosphate fluxes in the PCT of the rabbit
nephron. Whereas PTH inhibited the net flux of fluid (by 31%)
M
Fig. 2. Effects of PTH and PGE2 on adenylate cyclase activity in the
proximal straight tubule (N = 4). PTH (closed circles) at concentra-
tions of l0, 108, io, and 2.5 x i0 M stimulated the enzyme 2.2,
6.2, 18.2, and 25.2-fold (P < 0.01, < 0.001, < 0.001, and < 0.0001,
respectively). In contrast, PGE, (open squares) at concentrations of
l0-, lO, and lO M failed to alter the activity of the enzyme.
in the PCT, the hormone did not affect phosphate transport.
These results agree with those reported by Dennis, Bello-
Reuss, and Robinson [17]. PTH, like PGE2, inhibited the fluxes
of fluid and phosphate out of the PST. These data are in accord
with those reported by Dennis, Bello-Reuss, and Robinson [171
and by Yanagawa et al [29]. In the PST, the inhibition of fluid
flux induced by PTH (33%) was virtually identical to that
produced by PGE2 (34%), while PTH and PGE2 inhibited
phosphate absorption rates by 20 and 12%, respectively. Yet,
adenylate cyclase was stimulated by PTH in both the PCT and
the PST, but was not activated by PGE2 in either segment.
Therefore, the actions of these two agents are mediated by
differing cellular mechanisms.
Because PGE2 is secreted in the proximal nephron by a
system of organic acid transport [25, 26], its effect could simply
result from the stimulation of fluid secretion into the tubular
lumen, as has been demonstrated for PAH [271. We evaluated
this possibility by determining whether or not PGF2, a chemi-
cally related PG metabolite which is secreted by the same
mechanism as PGE2 [25], would also reduce iv and Jl-b P04.
Since PGF2 did not change the transport rates of either fluid or
phosphate in the PST, we conclude that, although PGE2 and
PGF2a are secreted into the tubular lumen, this event alone does
not account for the transport changes we obtained with PGE2 in
the PST.
We have previously reported that PGE2 inhibits the activa-
tion of adenylate cyclase by PTH in rabbit PST segments in
vitro [281. We therefore extended these studies to determine
whether PGE2 exerted an antagonistic action on the PTH-
mediated changes in fluid and phosphate transport in the PST.
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When PGE2 was removed from the bathing medium following
the concurrent addition of PTH and PGE2, the inhibitory effect
of PTH on both fluid and phosphate transport of the PST was
unmasked (Table 2). These findings therefore indicated that
PGE2 antagonizes the transport inhibitory actions of PTH. The
observations in this communication have several important
implications.
First, these data and those reported by Dennis, Bello-Reuss,
and Robinson [171 demonstrate that the PST is a very important
locus in the proximal regulation of both fluid and phosphate
transport. In fact, at least for the rabbit proximal nephron, the
PST is the exclusive proximal site for the action of PGE2.
Furthermore, PTH inhibits phosphate transport in the PST, but
does not affect it in the PCT. Also, adenylate cyclase in the PST
appears to be more sensitive to PTH than is the enzyme in the
PCT. In the PCT, PTH at a concentration of i0 M did not
stimulate the enzyme. Yet, in the PST, the same concentration
of PTH stimulated the enzyme 2.2-fold (P < 0.01). Also, while
maximal activity (PTH = l0- M) was comparable in the PCT
and PST (Figs. 1 and 2), these changes represent only a 8.2-fold
increment for the PCT, whereas there was an 18.2-fold stimula-
tion in the PST. These data reveal a sharp demarcation of
function between the two segments under study. The rabbit
PCT is a segment with a large transport capacity but is
relatively insensitive to hormonal regulation. On the other
hand, the PST has a lower transport capacity but is sensitive to
modulation by PTH and PGE2. These properties of the rabbit
proximal nephron might assure a relatively undisturbed reab-
sorption of most of the glomerular filtrate in the PCT. In
contrast, in the rabbit PST, hormonal regulation significantly
alters the composition of the tubular fluid. However, the lower
flow and transport rates of this segment dampen the changes,
preventing the abrupt delivery of a high-flow, solute-rich filtrate
to the distal nephron.
Second, while the independent effects of PTH and PGE2 on
fluid and phosphate transport in the PST are indistinguishable,
the two agents must have significant differences in their mode of
action. As was the case in the studies of Chahardes et at [201,
we detected a PTH-sensitive adenylate cyclase in the proximal
nephron. In both segments, the activity of the enzyme was
stimulated in a dose-response fashion by PTH. In agreement
with the report of Torikai and Kurokawa in the rat [30], PGE2
in the rabbit failed to activate the enzyme in either the PCT or
the PST (Figs. 1 and 2). These findings suggest that the
PTH-like effects of PGE2 on fluid and phosphate transport in the
PST are cAMP-independent. At this juncture, the nature of the
cellular mechanism that mediates this stimulatory effect of
PGE2 is unknown.
Third, the data provide additional evidence for the notion that
PGE2 regulates transport in the proximal nephron. Thus, PGE2
appears to have dual effects on the transport of fluid and
phosphate. In the absence of any other stimulus, PGE2, like
PTH, inhibits both fluid and phosphate transport. Yet, when the
PST is exposed to both PTH and PGE2, PGE2 appears to
attenuate the effect of PTH. In this situation, PGE2 seems to act
as an inhibitory agonist. This inhibitory action of the prostanoid
has also been observed during the stimulation of the PST
adenylate cyclase by PTH [28]. In the latter system, PGE2
inhibits the activation of the enzyme by multiple stimuli [31].
Because this inhibitory effect is reversed by pertussigen [321, it
is probably mediated by the inhibitory protein (Ni) of adenylate
cyclase [33, 34]. We propose that these apparently paradoxical
effects of PGE2 might be mediated by two different classes of
PGE2 receptors in the PST. In analogy to the a adrenergic
system [351, one type of PGE2 receptor might be linked to a
cAMP-independent stimulatory mechanism that reduces Jv and
Jl-b P04. However, another type of PGE2 receptor appears to
be linked to the inhibitory protein components of adenylate
cyclase and attenuates the actions of PTH. The results shown in
Table 2 suggest that this latter inhibitory function of PGE2 plays
a predominant role in the presence of PTH. Whether or not this
is the result of a PTH-mediated change in the class of PGE2
receptor available for binding remains to be determined. We
have also documented an antagonistic effect of PGE2 in other
phosphaturic states [18, 191. Because the tubular mechanism
that produces the phosphaturia in those conditions is unknown,
we cannot at this time extend the same reasoning to those
effects of PGE2, based on the results presented here.
In summary, we have demonstrated that in the PST, PTH and
PGE2 independently inhibit the transport of fluid and phos-
phate. While PTH might act by activating adenylate cyclase,
PGE2 clearly does not. PGE2, in the presence of PTH, also
appears to antagonize the effect of PTH on Jv and Jl-b PU4 in
the PST. These dual actions of the prostanoid suggest that two
classes of PGE2 receptors, coupled to separate effector mecha-
nisms, regulate the transport events in the PST.
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